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WK,QWHUQDWLRQDO&RQIHUHQFHRQ6XVWDLQDELOLW\LQ(QHUJ\DQG%XLOGLQJV6(%
&RPSDUDWLYHVWXG\RIWZRFRQILJXUDWLRQVRIVRODUWRZHUSRZHU
IRUHOHFWULFLW\JHQHUDWLRQLQ$OJHULD

0$EEDV+$EXULGHK=%HOJURXQ=7LJULQHDQG1.DVEDGML0HU]RXN
8QLWpGHGpYHORSSHPHQWGHV(TXLSHPHQWV6RODLUHV8'(6&HQWUHGH'HYHORSSHPHQWGHV(QHUJLHV5HQRXYHODEOHV&'(5
5RXWH1DWLRQDOH1%3%RX,VPDLO7LSD]D$OJHULD


$EVWUDFW
7KH DLP RI WKLV SDSHU LV WR SURYLGH D FRPSDUDWLYH HQHUJHWLF DQG HFRQRPLF DVVHVVPHQW RI WZR VRODU WRZHU SRZHU
FRQILJXUDWLRQV WKH PROWHQ VDOW 06 DQG WKH GLUHFW VWHDP JHQHUDWLRQ '6* WHFKQRORJLHV LQ RUGHU WR VWXG\ WKH
DSSURSULDWHFRQILJXUDWLRQIRU$OJHULDQFOLPDWHFRQGLWLRQV)RUWKLV7DPDQUDVVHWKDVEHHQFKRVHQDVUHSUHVHQWDWLYH
VLWH WR VLPXODWH WKH SURSRVHG VRODU WRZHU SRZHU SODQW FRQILJXUDWLRQV 7KH ILUVW VHFWLRQ RI WKLV SDSHU DQDO\VHV WKH
FRQYHUVLRQRI WKH VRODU HQHUJ\ LQWR HOHFWULF HQHUJ\7KH15(/¶V6$0VRIWZDUH 6RODU$GYLVRU0RGHO LV XVHG WR
HYDOXDWH WKH HQHUJHWLF SHUIRUPDQFHV RI WKH WZR SODQW FRQILJXUDWLRQV LQ WKH SURSRVHG VLWH DQG DOVR WR VWXG\ WKHLU
HFRQRPLFIHDVLELOLW\LQWKHVHFRQGVHFWLRQ

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI>QDPHRUJDQL]HU@

.H\ZRUGV6RODUHQHUJ\VRODUWRZHU'6*PXOWHQVDOWWHFKQRHFRQRPLF6$0$OJHULD
,QWURGXFWLRQ
7KH VRODU WRZHUSRZHU V\VWHP LV RQHRI WKH IRXU FRQFHQWUDWLQJ VRODU WRZHUSRZHU WHFKQRORJLHV IRU
HOHFWULFLW\ DQG KHDW SURGXFWLRQ WRJHWKHU ZLWK GLVK 6WLUOLQJ SDUDEROLF WURXJK DQG   )UHVQHO FROOHFWRU
WHFKQRORJLHV
,QWKHFDVHRIVRODUWRZHUSRZHUDWKRXVDQGRIWZRD[LVWUDFNLQJPLUURUVDUHXVHGWRUHIOHFWWKHVRODU
UDGLDWLRQRQWRDUHFHLYHUORFDWHGRQWRSRIDWDOOWRZHU7KHHQRUPRXVDPRXQWRIFRQFHQWUDWHGHQHUJ\LV
XVHGIRUKHDWLQJDKHDWWUDQVIHUIOXLGXSWRWHPSHUDWXUHVRI&7KHVWHDPJHQHUDWHGLVWKHQIHG
WKURXJKDWXUELQHJHQHUDWRUWRJHQHUDWHHOHFWULFLW\
7KLVDUWLFOHSUHVHQWVDSUHOLPLQDU\DWWHPSWWRZDUGVWKHFRQGLWLRQVDQGFRQILJXUDWLRQVPDNLQJWKHVRODU
WRZHU SRZHU DV D WHFKQLFDO IHDVLEOH DQG HFRQRPLF YLDEOH WHFKQRORJ\ IRU HOHFWULFLW\ SURGXFWLRQ XQGHU
$OJHULDQFOLPDWHFRQGLWLRQQRWDEO\LQ6DKDUDDUHD,QWKLVVWXG\WZRFRQILJXUDWLRQVKDYHEHHQFRQVLGHUHG
WKHPROWHQVDOWDQGWKHGLUHFWVWHDPJHQHUDWLRQ2QHVLWHKDVEHHQFKRVHQWRVLPXODWHWKHSURSRVHGVRODU
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WRZHUSRZHUSODQWFRQILJXUDWLRQV$QRXWSXWRI0:KDVEHHQ WDNHQDV UHIHUHQFHFDVH7KH15(/¶V
6$0 VRIWZDUH 6RODU $GYLVRU 0RGHO LV XVHG WR HYDOXDWH WKH HQHUJHWLF SHUIRUPDQFHV WZR SODQW
FRQILJXUDWLRQVLQWKHSURSRVHGVLWHDQGDOVRWRVWXG\WKHLUHFRQRPLFIHDVLELOLW\
6RODUWRZHUSRZHUWHFKQRORJ\GHVFULSWLRQ
$ %DVLFFRQFHSW
5QNCT RQYGT VQYGT KU EJCTCEVGTK\GF D[ VJG EGPVTCNN[ NQECVGF NCTIG VQYGT 6JKU MKPF QH %562
VGEJPQNQIKGUWUGUC VJQWUCPFQH VYQCZKU VTCEMKPIOKTTQTUECNNGFJGNKQUVCVU VQ TGHNGEV VJG UQNCT TCFKCVKQP
QPVQCTGEGKXGTNQECVGFQPVQRQHCVCNNVQYGTYJGTGVJGUQNCTGPGTI[KUCDUQTDGFD[CJGCVVTCPUHGTHNWKF

OQNVGPUCNVYCVGTNKSWKFUQFKWOQTCKTYJKEJKUJGCVGFWRVQVGORGTCVWTGUQHu%VJGPWUGFVQ
IGPGTCVG UVGCO VQ RQYGT C EQPXGPVKQPCN VWTDKPG YJKEJ EQPXGTVU VJG VJGTOCN GPGTI[ KPVQ GNGEVTKEKV[ CU
UJQYPKPHKIWTG#RQYGTVQYGTU[UVGOKUEQORQUGFQHHKXGGUUGPVKCNEQORQPGPVUJGNKQUVCVUTGEGKXGT
JGCVVTCPURQTVCPFGZEJCPIGUVQTCIGCPFEQPVTQNU=?
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)LJ)ORZGLDJUDPIRUDW\SLFDOSRZHUWRZHUSODQW
7KHKHOLRVWDWVGHVLJQPXVWHQVXUHWKDWUDGLDWLRQLVGHOLYHUHGWRWKHUHFHLYHUDWWKHGHVLUHGIOX[GHQVLW\DW
PLQLPXP FRVW5HFHLYHUV DUHPDGH RI FHUDPLFV RU WKHPHWDOV VWDEOH DW KLJK WHPSHUDWXUH$ YDULHW\ RI
UHFHLYHUVKDSHVKDVEHHQFRQVLGHUHGLQFOXGLQJFDYLW\UHFHLYHUVDQGF\OLQGULFDOUHFHLYHUV>@7KHDYHUDJH
RIVRODUIOX[LPSLQJLQJRQWKHUHFHLYHULVEHWZHHQDQGN:PZKLFKIDFLOLWDWHWKHKLJKZRUNLQJ
IOXLG WHPSHUDWXUH >@ZLWKRXW VLJQLILFDQW WKHUPDO ORVVHV DQG \LHOGV YHU\ KLJK FRQFHQWUDWLRQ UDWLR 
VXQV7KDQNWRWKHVHKLJKRSHUDWLRQWHPSHUDWXUHV LW LVHDV\WRLQWHJUDWHK\EULGRSHUDWLRQLQWKHVH
SRZHUSODQWVDVZHOODVWKHUPDOVWRUDJHDWDORZHUFRVW

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
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$ /QNVGPUCNVRQYGTVQYGTEQPEGRV
7KLVFRQFHSWKDVWKHVDPHFRPSRQHQWVDVGHVFULEHGSUHYLRXVO\7KHPROWHQVDOWLVXVHGDVZRUNLQJ
IOXLGDVLQGLFDWHGRQILJXUH
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
)LJ0ROWHQVDOWSRZHUWRZHUGLDJUDP>@
% &KTGEV5VGCO)GPGTCVKQPRQYGTVQYGTEQPEGRV
7KHGLUHFW VWHDPSRZHU WRZHUFRQVLVWVRI WKH VDPHFRPSRQHQWVDQG IXQFWLRQDOLW\RI WKHPROWHQ VDOW
SRZHUWRZHUZLWKWZRLPSRUWDQWGLIIHUHQFHV)LUVWWKHVWHDPIORZLQJWKURXJKWKHWRZHULVERWKWKHKHDW
WUDQVIHUIOXLGWKDWWUDQVIHUVHQHUJ\IURPWKHUHFHLYHUDQGWKHZRUNLQJIOXLGRIWKHSRZHUF\FOHDGLUHFW
V\VWHP6HFRQGO\WKHVWHDPWRZHULVFRPSRVHGRIWKUHHLQGLYLGXDOUHFHLYHUVDERLOHUVXSHUKHDWHUDQG
UHKHDWHUHDFKZLWKDGHILQHGUROH
&2QYGTVQYGTRTQVQV[RGUKPQRGTCVKQPCPFWPFGTEQPUVTWEVKQPRNCPVU
7KHODUJHVFDOHSRZHUSURGXFWLRQZLWKVRODUWRZHUWHFKQRORJ\ZDVSURYHQWREHIHDVLEOHE\6RODU2QH
SODQW 7KH0:6RODU2QHSODQW LV WKH ILUVW ODUJHVFDOHGHPRQVWUDWLRQ VRODUSRZHU WRZHUZKLFKZDV
EXLOWLQWKHHDUO\¶VLQWKHGHVHUWRI&DOLIRUQLD,QWKLVSHULRGWKHUHZHUHDOVRHIIRUWVWRHVWDEOLVKVRODU
WRZHU WHFKQRORJ\ LQVRPHFRXQWULHVVXFKDV ,WDO\)UDQFH-DSDQ6SDLQDQG5XVVLD ,QRUGHU WRYDOLGDWH
QLWUDWH VDOW WHFKQRORJ\ >@ DQG JLYH VROXWLRQ WR WKH WHFKQLFDO SUREOHPV RFFXUUHG GXULQJ WKH RSHUDWLRQ
SHULRGRI6RODU2QHSODQWLQWHUPVRIVWRUDJHDQGFRQWLQXRXVWXUELQHRSHUDWLRQ6RODU7ZRZDVLPSODQWHG
DQGRSHUDWHGEHWZHHQDQG
$WWKHWLPHEHLQJWKHUHDUHVRPHVRODUWRZHUSODQWVLQRSHUDWLRQ,Q6SDLQWKHILUVWFRPPHUFLDOVRODU
SRZHUWRZHUSODQWLVQDPHG³36´LWKDVDFDSDFLW\RI0:HOZLWKDFDSDFLW\RI0:WKRIWKHUPDO
VWRUDJH36SODQWVLWXDWHGLQ6HYLOODDQGLVRQOLQHVLQFH
7KHVHFRQGSRZHUWRZHUSODQWLQFRPPHUFLDOXVHLV36FRQVWUXFWHGRQWKHVDPHVLWHLVDQXSJUDGH
RI36SODQWLQWHUPVRIHIILFLHQF\UHFHLYHUFRQWURODQGWKHUPDOVWRUDJHV\VWHP7KHSODQWKDV0:
RISRZHURXWSXWDODQGDUHDRIPDQGVXQWUDFNLQJKHOLRVWDWVHDFKZLWKDVXUIDFHDUHD
P
6RODU7UHVUHQDPHG*HPDVRODULVWKHILUVWFRPPHUFLDOVRODUWRZHUSODQWXVLQJPROWHQVDOWKHDWVWRUDJH
WHFKQRORJ\ ,W FRQVLVWV RI D P VRODU ILHOG IURP KHOLRVWDWV HDFK P DQG VLWXDWHG LQ
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FRQFHQWULFULQJVDURXQGDPKLJKFHQWUDOWRZHU*HPDVRODUZLWKLWV0:RISRZHUFDQVXSSO\
*:KSHU \HDU 7KHPRVW LQQRYDWLYH DVSHFWV RI WKH SODQW DUH LWVPROWHQ VDOW UHFHLYHU LWV KHOLRVWDWV
DLPLQJV\VWHPDQG LWVFRQWUROV\VWHP7KH*HPDVRODUSRZHU WRZHUHTXLSSHGZLWKKRXUVRIVWRUDJH
ZDVWKHILUVWVRODUSODQWWRJHQHUDWHHOHFWULFLW\IRUFRQVHFXWLYHKRXUV,QDGGLWLRQWKLVSRZHUVWDWLRQLV
H[SHFWHG WR UHDFK D \HDUO\ FDSDFLW\ IDFWRU RI  ZKLFK LV FRPSDUDEOH WR PRVW IRVVLOIXHO SRZHU
VWDWLRQV>@
,Q *HUPDQ\ D  0:HO GHPRQVWUDWLRQ SODQW LV RSHUDWLRQDO VLQFH 'HFHPEHU  DQG VWDUWHG
SURGXFWLRQRIHOHFWULFLW\WKHVSULQJRI&KLQDHVWDEOLVKHGD0:HGHPRQVWUDWLRQVRODUSRZHUWRZHU
SODQW QDPHG ³'$+$1´>@ ,Q VRXWK $IULFD D VRODU SRZHU WRZHU SODQW LV SODQQHG ZLWK 
KHOLRVWDWVPLUURUHDFKKDYLQJDQDUHDRIP>@$OJHULDDOVRSODQVWRLPSODQWLWVILUVWGHPRQVWUDWLRQ
VRODU SRZHU WRZHU LQ WKH IHZ QH[W \HDUV1RZDGD\VPRUH WKDQ 0:DUH XQGHUZD\ LQ86$6RXWK
$IULFDDQG&KLQD
0HWKRGRORJ\
6LWHV6HOHFWLRQ
7KHSURSRVHGSODQWVDUHWREHORFDWHGDW7DPDQUDVVHWVLWXDWHGLQWKHVRXWKH[WUHPHRI$OJHULDODWLWXGH

1ORQJLWXGH
(DOWLWXGHP7KHVXPRIGLUHFWQRUPDOLUUDGLDWLRQLVJUHDWHUWKDQ
.:KP\HDU7KHDYHUDJHPRQWKO\GLUHFWLUUDGLDWLRQYDULHVEHWZHHQN:KPDQGN:KPLQ
1RYHPEHU DQG )HEUXDU\ UHVSHFWLYHO\ 7KH RYHUDOO PHDQ DPELHQW WHPSHUDWXUH LV & DQG WKH RYHUDOO
PHDQYDOXHRIZLQGVSHHGLVDERXWPV)LJSUHVHQWVWKHPRQWKO\'LUHFW1RUPDO,UUDGLDWLRQ'1,
IRUDW\SLFDO\HDURI7DPDQUDVVHWVLWH)URPWKLVILJXUHZHFDQVHHFOHDUO\WKDWWKHLUUDGLDWLRQOHYHOLVKLJK
RYHUWKH\HDUQRWDEO\EHWZHHQDPDQGSP7KHSHDNLVUHDFKHGLQ-DQXDU\DQG)HEUXDU\ZLWKPRUH
WKDQ:PDQGWKHPRQWKO\DYHUDJH'1,ZDVIRXQGWREH:P7KHPRQWKO\DYHUDJHRIGDLO\
'1,ZDVIRXQGN:KPDW7DPDQUDVVHW7KHPRVW LPSRUWDQWUHPDUNWKDW WKHPRVWRI WKHVHYDOXHV
DUHKLJKHUWKDQ\HDUO\DYHUDJH'1,LQVRPHORFDWLRQVZHUH&673WHFKQRORJLHVDUHLQXVHWRGD\VXFKDV
&DOLIRUQLDZKHUH LW UHDFKN:KP$OPHULD LQ6SDLQZLWKN:KPSHUGD\RU0RURFFRZKHUH
WKHVHYDOXHVUHDFKN:KP>@
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&KDUDFWHULVWLFVRIWKHSURSRVHGSODQW
,Q RUGHU WR DQ LPSDUWLDO FRPSDULVRQ DOO LQSXW SDUDPHWHUV ZHUH FKRVHQ LGHQWLFDOO\ IRU ERWK
FRQILJXUDWLRQV PROWHQ VDOW DQG'6*7KH WHFKQLFDO SDUDPHWHUV XVHG LQ WKH VLPXODWLRQ IRU ERWKRI WKH
FRQFHSWVLQYHVWLJDWHGDUHLQGLFDWHGRQ7DEOH7KHILHOGUHIOHFWRUDUHDRIWKH'6*FRQILJXUDWLRQLV
VPDOOHU WKDQ WKHPROWHQ VDOW ILHOG VL]H  7KH$QDO\VLV RI HQHUJ\ \LHOG RI WKH SURSRVHG SODQWV KDV EHHQ
FDUULHGRXWXVLQJ1DWLRQDO5HQHZDEOH(QHUJ\/DERUDWRU\¶V15(/6$0VRIWZDUH>@6$0SURYLGHV
PRGHOOLQJFDSDELOLW\IRUVHYHUDOWHFKQRORJLHVLQFOXGLQJWKH&673WHFKQRORJLHV>@6$0FRPELQHVDQ
KRXUO\ VLPXODWLRQPRGHOZLWKSHUIRUPDQFH FRVW DQG ILQDQFHPRGHOV WRFDOFXODWHHQHUJ\RXWSXW HQHUJ\
FRVWV DQG FDVK IORZV >@ 7\SLFDO PHWHRURORJLFDO \HDU 70< GLUHFW QRUPDO LUUDGLDWLRQ DPELHQW
WHPSHUDWXUH ZLQG VSHHG VXQ DQJOH DWPRVSKHULF SUHVVXUH DQG VRODU D]LPXWK DQJOH DQG GDWD IRU
7DPDQUDVVHWZHUHXVHGDVLQSXWVWRVLPXODWHWKHWKHUPRG\QDPLFRSHUDWLRQRIWKHSODQWV
7DEOH'HVLJQSDUDPHWHUVRIWKHERWKSRZHUWRZHUSODQWV
)LQDQFLDOPRGHO
,QWKLVVWXG\ WKUHHHFRQRPLF LQGLFDWRUVZHUHSHUIRUPHGUHDODQGQRPLQDO/HYHOL]HG&RVWRI(QHUJ\
/&2( ,QWHUQDO UDWH RI 5HWXUQ,55 DQG 1HW 3UHVHQW 9DOXH 139 XVLQJ WKH DQQXDO SURMHFW FRVW
LQFRUSRUDWLQJ ERWK GLUHFW KHOLRVWDWV UHFHLYHU DQG VWRUDJH FRVWV DQG LQGLUHFW FRVW (QJLQHHULQJ
3URFXUHPHQWDQG&RQVWUXFWLRQFRVWV7KHGHWDLOVRIHTXDWLRQVXVHG IRUFDOFXODWLQJ WKH/&2( WKH ,55
DQG WKH 139 FDQ EH IRXQG LQ 5HI >@ 7KH HFRQRPLFDO DVVXPSWLRQV DQG GDWD PDGH IRU PDNLQJ
VLPXODWLRQVRQ6$0VRIWZDUHDUHSUHVHQWHGLQ7DEOH






&KDUDFWHULVWLFV 06 '6* '6*WR06
+7)W\SH 6DOW 6WHDP 
7RWDOODQGDUHDP   
7RWDOILHOGUHIOHFWRUDUHDP   
1XPEHURIKHOLRVWDWV   
+HOLRVWDWDUHDP   
5HFHLYHUW\SH ([WHUQDO 'LUHFW6WHDP 
5HFHLYHUKHLJKWP   
5HFHLYHUGLDPHWHUP   
1XPEHURISDQHOV   
&RROLQJV\VWHP $LUFRROHG $LUFRROHG (TXDO
7RZHUKHLJKW P P 
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7DEOH&RPSDULVRQ2I0DLQ3ODQWV$VVXPSWLRQV$QG'DWD

5HVXOWV
7KLVVHFWLRQVKRZVWKHUHVXOWVREWDLQHGIRUWKHSURSRVHGFRQILJXUDWLRQVXQGHUWKHVDPHPHWHRURORJLFDO
FRQGLWLRQV5HJDUGLQJWKHVRODUILHOGOD\RXW WKHUHVXOWVVKRZWZRGLIIHUHQWFRQILJXUDWLRQVGHSHQGLQJRQ
WKHQXPEHURIKHOLRVWDWVXVHGLQHDFKSODQWDVVKRZQRQILJXUH














)LJ/D\RXWRIWKHWZRSODQWV
$VVXPSWLRQVDQGGDWD '6* 0ROWHQVDOW '6*WR0ROWHQVDOW
/LIHWLPH   (TXDO
5HDOGLVFRXQWUDWH   (TXDO
1RPLQDOGLVFRXQWUDWH   (TXDO
,QIODWLRQUDWH   (TXDO
'LUHFWFRVWV   
+HOLRVWDWVFRVWP   (TXDO
5HFHLYHUFRVWP   
3RZHUEORFNN:H   (TXDO
&RQWLQJHQF\RIGLUHFWFRVWV   (TXDO
,QGLUHFWFRVWV   
(QJLQHHULQJ3URFXUHPHQWDQG
&RQVWUXFWLRQRIGLUHFWFRVWV
  (TXDO
7RWDOLQVWDOOHGFRVWSHUFDSDFLW\N:   
2SHUDWLRQDQG0DLQWHQDQFHFRVWV   
)L[HGN:\HDU   (TXDO
9DULDEOH0:K   (TXDO

0ROWHQVDOWWRZHUSODQW'LUHFW6WHDP*HQHUDWLRQSODQW
 M. Abbas et al. /  Energy Procedia  62 ( 2014 )  337 – 345 343
$QQXDO VLPXODWLRQ UHVXOWV DUH SUHVHQWHG LQ WDEOH  VKRZLQJ DQQXDO SHUIRUPDQFHV RI WKH WZR
FRQILJXUDWLRQVGLVFXVVHGDERYH7KHDQQXDOSRZHURXWSXWLV*:KIRUWKH'6*DQG*:KIRUWKH
PROWHQ VDOW SODQW 7KLV VKRZV WKH DERXW  KLJKHU JURVV WR QHW HIILFLHQF\ RI WKH '6* FRQFHSW
&DSDFLW\IDFWRULVVLJQLILFDQWO\KLJKHUIRU'6*WKDQPROWHQVDOWEHFDXVHWKHJRRGSHUIRUPDQFHRI
'6*SODQWDQGWKHVDPHFDVHIRUWKHDQQXDOZDWHUFRQVXPSWLRQ
7DEOH$QQXDOSHUIRUPDQFHVIRUWZRSODQWVOD\RXW



)LJXUHSUHVHQWVQHWHOHFWULFHQHUJ\RXWSXWIRUHYHU\PRQWKDQGIRUWZRSODQWVFRQVLGHUHGLQ*:K
,W¶V REYLRXV WKDW'6*SODQW VFRUHV WKH KLJKHVW HQHUJ\ SURGXFWLRQ IRU DOOPRQWKV%DVHG RQ WKH DQQXDO
\LHOGVLPXODWLRQ WKHFRVWVGDGDDQGWKHSUHGLFWLRQRIRSHUDWLQJDQG0DLQWHQDQFH2	0WKHHFRQRPLF
LQGLFDWRUV DERYH GHVFULEHG DUH FDOFXODWHG 7KH /&2( RI WKH '6* SODQW LV  DERXW ORZHU WKDQ WKH
PROWHQ VDOW SODQW 7KH VHFRQG HFRQRPLF LQGLFDWRU FRQVLGHUHG LV WKH 139 7KH UHVXOWV VKRZ WKDW WKLV
LQGLFDWRULVDURXQGPLOOLRQ86DWWKHHQGRISODQWOLIHWLPHIRU'6*SODQWDQGDERXWPLOOLRQ
86IRU0ROWHQVDOWSODQW7KHRWKHUHFRQRPLFLQGLFDWRULQWKH,55LW¶VDOPRVWWKHVDPHIRUERWKSODQW








)LJ1HWHOHFWULFHQHUJ\RXWSXWIRUWKHWZRFRQFHSWV
7DEOH(FRQRPLFUHVXOWVRIWKHWZRSODQWV


$QQXDOSHUIRUPDQFHV '6* 0ROWHQVDOW '6*WR0ROWHQVDOW
$QQXDOQHW(QHUJ\RXWSXW*:K   
&DSDFLW\IDFWRU   
$QQXDOZDWHUXVDJHP   
(FRQRPLFLQGLFDWRUV '6* 0ROWHQVDOW '6*WR0ROWHQVDOW
/&2(oN:K   
1390   
,55   
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7KHWRWDOSURMHFWLQYHVWPHQWRIWKHPROWHQVDOWSODQWLVKLJKHULWLVDERXWDQGPLOOLRQ
RI86IRUPROWHQVDOWDQG'6*SODQWUHVSHFWLYHO\7KLVLVGXHWRVRODUILHOGDQGHVSHFLDOO\WRWKHWRWDO
UHFHLYHUDUHDZKLFKDUHDQGKLJKHUUHVSHFWLYHO\
,QRUGHUWRGHWHUPLQHWKHGRPLQDQWFRVWIUDFWLRQRIWKHZKROHWZRSODQWFRQFHSWV)LJH[KLELWV WKH
UHODWLYHFRQWULEXWLRQRIHDFKSURMHFWFRVWRQWKHUHDO/&2(IRUWKHWZRFRQFHSWV)URPWKLVILJXUHRQHFDQ
VHHWKDWWKHSURMHFWFRVWVDUHDVDPDMRULW\PDGHXSRISRZHUSODQWFRVWZKLFKUHSUHVHQWVDQGRI
WKHWRWDOFRVWIRU'6*DQG06UHVSHFWLYHO\WKHUHFHLYHUFRVWUHSUHVHQWVDQGDQGKHOLRVWDWFRVW
DOVREHLQJELJFRQWULEXWRUVZLWKDQGIRU'6*DQG06UHVSHFWLYHO\







)LJ7KHUHODWLYHFRQWULEXWLRQRIHDFKSURMHFWFRVWIRUWKHWZRSODQWV
&RQFOXVLRQ
7KHSDSHULQWHQGVWRUHPDUNWKHLPSRUWDQFHRIWKHFRPSDULVRQPHWKRGLQWKHVDPHFRQGLWLRQVLQRUGHU
WRVHOHFWWKHEHVWFRQILJXUDWLRQRIVRODUWRZHUSRZHUIRUDQRSWLPXPXVHRIWKHVRODUUHVRXUFH
7KLVVWXG\SUHVHQWVDFRPSDULVRQRIWZRVRODUWRZHUSRZHUSODQWVZLWKRXWWKHUPDOHQHUJ\VWRUDJHRQH
XVLQJPROWHQVDOWDVZRUNLQJIOXLGDQGRQHXVLQJGLUHFWVWHDPJHQHUDWLRQ%RWKSODQWVKDYHD0:HQHW
RXWSXWSRZHUDQGZLWKRXWWKHUPDOVWRUDJH
5HVXOWV LQGLFDWH UHOHYDQW GLIIHUHQFHV DPRQJ WKH HQHUJ\ SHUIRUPDQFHV RI WKH WZR FRQILJXUDWLRQV
FRQVLGHUHG WKH DQQXDO QHW (QHUJ\ RXWSXW RI WKH'6*SODQW LV DERXW  EHWWHU LWV FDSDFLW\ IDFWRU LV
DERXWKLJKHU5HJDUGLQJWKHHFRQRPLFLQGLFDWRUWKHSURMHFWLQYHVWPHQWRIWKH'6*SODQWLVDERXW
KLJKHU7KLVFDXVHVDERXWORZHU/HYHOL]HG&RVWRI(QHUJ\/&2(RIWKH'6*V\VWHP7KHVH
UHVXOWVDUHPD\GXHWRWKHWRWDOLQVWDOOHGFRVWSHUFDSDFLW\
)LQDOO\PRUHGHWDLOHGDQDO\VLV LV UHTXLUHGEHIRUHFRQFOXGLQJDERXW WKHEHVWSODQWFRQILJXUDWLRQ WREH
DGRSWHGLQWKHVRODUSRZHUSODQWV
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&RQWLQJHQF\ +HOLRVWDW ,QGLUHFW 3RZHU3ODQW 5HFHLYHU 7RZHU






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&RQWLQJHQF\ +HOLRVWDW ,QGLUHFW 3RZHU3ODQW 5HFHLYHU 7RZHU
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